Home mechanical ventilation (HMV) is used in a wide range of disorders associated with chronic hypoventilation. We describe the patterns of use, survival and predictors of death in Western Australia. We identified 240 consecutive patients (60% male; mean age 58 years and body mass index 31 kg m À2 ) referred for HMV between 2005 and 2010. The patients were grouped into four categories: motor neurone disorders (MND; 39%), pulmonary disease (PULM; 25%, mainly chronic obstructive pulmonary disease), non-MND neuromuscular and chest wall disorders (NMCW; 21%) and the obesity hypoventilation syndrome (OHS; 15%). On average, the patients had moderate ventilatory impairment (forced vital capacity: 51%predicted), sleep apnoea (apnoea-hypopnea index: 25 events h À1 ), sleep-related hypoventilation (transcutaneous carbon dioxide rise of 20 mmHg) and daytime hypercarbia (PCO 2 : 54 mmHg). Median durations of survival from HMV initiation were 1.0, 4.2, 9.9 and >11.5 years for MND, PULM, NMCW and OHS, respectively. Independent predictors of death varied between primary indications for HMV; the predictors included (a) age in all groups except for MND (hazard ratios (HRs) 1.03-1.10); (b) cardiovascular disease (HR: 2.35, 95% confidence interval (CI): 1.08-5.10) in MND; (c) obesity (HR: 0.28, 95% CI: 0.13-0.62) and oxygen therapy (HR: 0.33, 95% CI: 0.14-0.79) in PULM; and (d) forced expiratory volume in 1 s (%predicted; HR: 0.93, 95% CI: 0.88-1.00) in OHS.
Introduction
Chronic hypoventilation complicates a range of disorders including neuromuscular diseases, chronic obstructive pulmonary disease (COPD) and the obesity hypoventilation syndrome (OHS). These disorders lead to chronic hypoventilation when there is an imbalance between respiratory load and muscle capacity, and/or an impairment in respiratory drive.
Chronic hypoventilation has major adverse effects on health care utilization, quality of life and mortality. In recent years, an increasing number of such patients have been treated with home mechanical ventilation (HMV), [3] [4] [5] and several studies have reported improvements in gas exchange, hospitalization rates, quality of life and mortality. 3, 4, [6] [7] [8] There is limited information on survival among patients receiving HMV and factors that influence survival. The Department of Pulmonary Physiology and Sleep Medicine at Sir Charles Gairdner Hospital is one of the major centres providing HMV in Western Australia (WA), and has detailed records of therapy and, because of WA's geographical isolation, low loss to follow-up. In view of these considerations, we aimed to evaluate the patterns of use and factors that may influence survival in patients using HMV. We hypothesized that survival of HMV patients in WA would compare favourably to cohorts in other developed countries, and be predicted by the cause and severity of ventilatory impairment.
Methods Centre
Our department provides comprehensive diagnostic and therapeutic services for adults with sleep disorders and chronic hypoventilation. It provides both ambulatory services and, for patients with acute ventilatory failure, in-hospital care. Patients are managed by specialist physicians and have access to a pool of ventilators and related equipment and home visits by a specialist nurse. Over the study period, respiratory failure was managed using a consistent approach consisting of full clinical evaluation, in-laboratory polysomnography (PSG), supervised initiation of HMV and regular out-patient clinic follow-up (including monitoring of HMV use and efficacy and measurements of respiratory function and blood gases). Ventilator settings were titrated using a combination of PSG, ventilator download data, blood gases and symptom relief. PSG titrations were performed by experienced sleep scientists. Final pressures were determined after review of the PSG by physicians experienced in the management of ventilatory failure, and settings were adjusted, as needed, at clinic review.
Design, inclusion and exclusion criteria
We conducted a retrospective single-centre cohort study of consecutive patients referred for HMV from January 2005 to December 2010 and followed up to 1 June 2016. Patients were identified from electronic medical records and departmental databases. HMV was defined as non-invasive or invasive (tracheostomy) mechanical ventilation at home or in residential care. All patients who accepted HMV were included. We excluded patients who were prescribed a positive airway pressure device for sleep disordered breathing without hypoventilation or for reasons other than home ventilation (see Figure 1) . Ethical approval was obtained from the local institutional research governance body (number 12994).
Data collection
All data were collected by the review of electronic medical records. Variables collected were (a) primary indication for HMV; (b) baseline variables: demographics (age, gender, type of residence and residential address), cardiovascular disease (ischaemic heart disease, heart failure, cardiomyopathy, or atrial fibrillation or flutter), cardiovascular risk factors (hypertension, hyperlipidaemia or diabetes mellitus), smoking status, physiological parameters (spirometry, blood gas and PSG), ventilator prescription (type of interface -non-invasive mask type or tracheostomy, inspiratory positive airway pressure, expiratory positive airway pressure, mode and backup rate); and (c) ventilator adherence (most recent compliance recorded by the ventilator or, if this was unavailable, documented self-reported usage).
Survival outcomes
Survival status was determined at 1 June 2016. Duration of survival was calculated from initiation of HMV to death. Patients were censored on 1 June 2016 if they remained alive or on the date of return of HMV equipment or last date of known HMV use if they ceased HMV or were transferred to another institution for follow-up. Date of death was obtained from hospital electronic medical record maintained by the hospital health information team with direct updates from the WA Department of Health mortality record.
Disease categories
We grouped patients into four clinically meaningful disease categories: motor neurone disease (MND), non-MND neuromuscular and chest wall disorders (NMCW), pulmonary disease (PULM) and OHS. Patients were allocated to the group that best represented the primary indication for HMV according to physician diagnosis. OHS medical records were closely reviewed to confirm there were no other factors contributing to ventilatory failure. Further details of diseases within the four major groups are shown in Figure 1 .
Statistical analysis
Continuous data were described using mean and standard deviation (SD) for parametric data or median and interquartile range (IQR) for non-parametric data. Categorical variables were described using percentage. Survival curves were constructed using Kaplan-Meier survival estimates and plotted as cumulative survival from the initiation of HMV to the end of the study period. Putative predictors of survival were disease group, baseline variables, ventilator settings and adherence (see the 'Data collection' subsection). Predictors of survival measured on a continuous scale were dichotomized where appropriate, using clinically meaningful cut-off values. Log-rank tests were used to compare survival between groups. Univariate predictors with p value < 0.10 were subsequently examined in a forward stepwise multivariable survival analysis using Cox's proportional hazards model. For closely correlated variables, for example, spirometry parameters, the strongest clinical predictor was selected for inclusion in a multivariate model. The proportional hazards assumption was verified to ensure the validity of analyses. Data were presented as hazard ratios (HRs) and associated 95% confidence intervals (CIs) for death. Statistical analyses were conducted using Stata 14.2 (StataCorp, Texas, USA). P values less than 0.05 were considered statistically significant.
Results
A total of 240 patients were included and 149 deaths (62%) were observed over a median (IQR) follow-up of 2.15 (0.69-6.77) years. Fifteen (6.3%) patients ceased HMV therapy, most commonly because of intolerance or lack of symptom benefit and two (0.8%) patients were transferred elsewhere. Miscellaneous diseases including mitochondrial cytopathy, myasthenia gravis, Bethlem myopathy, spinal muscular atrophy, multisystem atrophy, cystinosis, chronic lower motor neuropathy, myopathy of uncertain aetiology and non-specific respiratory muscle weakness. HMV: home mechanical ventilation; SDB: sleep disordered breathing; NIV: non-invasive ventilation; MND: motor neurone disease.
Baseline demographics and physiology
category. Data were available in >80% of patients for all variables except for blood gas and PSG parameters in MND (45% and 42%, respectively) and NMCW (78% and 69%, respectively) patients.
All groups had moderate ventilatory impairment. Sleep disordered breathing was prevalent; median apnoea-hypopnea index (AHI) was !15 h À1 and sleep-related hypoventilation, 9 based on transcutaneous carbon dioxide (CO 2 ) monitoring, was present.
HMV prescription and usage characteristics
HMV prescription indications and characteristics are shown in Table 2 . All patients received bi-level pressure-cycled positive pressure ventilation. Two patients (one each in PULM and NMCW groups) were ventilated via tracheostomy; the remainder received therapy non-invasively. The frequency of PSG titration varied by disease group (OHS 92%, NMCW 80%, PULM 78% and MND 16%). Average (SD) adherence to therapy was 7.9 (4.3) h day À1 .
Survival estimates
Median duration of survival (95% CI) for the groups were 1.0 (0.7 to 1.3), 4.2 (2.5 to 9.5), 9.9 (5.7 to >11.5) and >11.5 (8.2 to >11.5) years for MND, PULM, NMCW and OHS, respectively ( Figure 2 ). Corresponding 1-year survival probabilities were 52%, 78%, 96% and 97%; 5-year survival probabilities Multivariate analysis. Independent predictors of death included (a) age in all groups except for MND with HR ranging from 1.03 to 1.10; (b) cardiovascular disease (2.35, 1.08-5.10) in MND; (c) obesity (0.28, 0.13-0.62) and oxygen therapy (0.33, 0.14-0.79) in PULM; and (d) FEV 1 (%predicted; 0.93, 0.88-1.00) in OHS (see Table 4 ).
Discussion
This is the first historical cohort study of HMV in WA, and one of relatively few studies of patterns of use, long-term survival and prognostic factors in patients on HMV anywhere in the world. [10] [11] [12] [13] [14] We found that the main indications for HMV use were MND, PULM (mainly COPD) and OHS, similar to that reported in other surveys conducted in Australia and Europe. Our patients were predominant middle-aged, received HMV non-invasively, and there was a high prevalence of obesity, co-morbid sleep apnoea and sleep-related hypoventilation. Survival was strongly related to the primary indication for HMV, with the shortest survival for MND and progressively increasing survival durations for PULM, NMCW and OHS.
Median survival durations for these disease groups were similar to previous European cohorts. 4, 10, 11 We confirmed several independent prognostic factors found in previous studies; in particular, younger patients had better survival in PULM and NMCW, obesity was protective in PULM and higher baseline respiratory function reduced the hazard of death in OHS. We also reported new findings of shorter survival for MND in the presence of concomitant cardiovascular disease and for older OHS patients.
The patterns of HMV use vary considerably between countries and between regions within countries depending on local facilities, funding, advocacy and variations in practice. Compared to a crosssectional study in Australia and New Zealand 14 and a 10-year cohort study in Sweden, 10 our cohort had a higher proportion of patients with MND (38.8%) and PULM (25%) and a lower proportion with NMCW (21.3%) and OHS (15%). The shorter survival of MND and PULM patients could account, at least in part, for their higher proportion in our cohort study compared to a cross-sectional study. The numbers of patients receiving invasive mechanical ventilation were lower than many centres in Europe and North America [13] [14] [15] [16] but similar to usual practice in Australia and New Zealand.
14 Daily use of HMV was high, and consistent with levels of compliance found in previous studies.
11,17
Factors influencing survival MND group. Consistent with previous studies, 4, 18, 19 obesity and better respiratory function were associated with higher survival in MND in univariate analysis. Indeed, elevated BMI has been independently associated with improved survival in patients using HMV with a range of causes for chronic ventilatory failure. 11 The association of increasing age with shorter MND survival may be due to reduced motor neuron 'reserve' in older patients. Spontaneous-time trigger mode and higher backup rate were associated with worse survival in MND. To our knowledge, these associations have not been previously reported and may be markers of greater ventilatory impairment at initiation of HMV. Co-existing cardiovascular disease and risk factors were univariately associated with poorer survival, and cardiovascular disease was the only independent risk factor for MND survival. To our knowledge, this association has not been previously reported. Although the most common cause of death in MND is respiratory failure, 20 sudden death (likely cardiac aetiology) has also been described. 18 PULM group. The PULM group included 43 COPD subjects (72%); the COPD subjects were marginally older (mean 65 vs. 62 years) and had a slightly higher proportion of males (55 vs. 50%), but physiological findings, survival estimates and predictors of survival were similar to the entire PULM group. The survival outcomes of COPD and PULM patients compare favourably with those reported in several randomized controlled trials of HMV in COPD. [21] [22] [23] The levels of pressure support used in our study are similar to those used in these early studies. [21] [22] [23] More recent studies using higher levels of pressure support have shown higher 1-year survival. 24 In PULM disease, we confirm previously described associations between improved survival and younger age 10, 11 and obesity. 25, 26 In COPD, cachexia is associated with systemic inflammation, adverse metabolic changes and reduced survival. [27] [28] [29] An unexpected new association of oxygen therapy and improved survival in the PULM group in our study probably reflects a Western Australian policy of prohibiting oxygen therapy prescription to current smokers. We found a strong negative relationship between oxygen therapy and smoking status (p ¼ 0.002, Fisher's exact; results not shown). Thus, the positive association of oxygen therapy with improved survival in our cohort may be due to a combination of improved oxygenation 30 and smoking cessation.
NMCW group. Consistent with findings in Sweden, there was a univariate association between oxygen therapy and increased mortality in NMCW; this has been attributed to either suboptimal ventilatory therapy or concomitant pulmonary parenchymal disease. 10 In our cohort, only increasing age was independently associated with increased mortality, presumably because it is a marker of both more advanced disease and reduced overall health status and reserve. Male patients had a trend towards better prognosis on univariate analysis and this is likely due to high proportion of male muscular dystrophy patients who had better survival (median 9.7 (6.2-11.8) years).
OHS group. Percentage predicted FVC and FEV 1 were both univariately associated with mortality in OHS, and the latter was the strongest and an independent predictor. These findings are consistent with those of Ojeda Castillejo et al., 31 who attributed this relationship to more advanced structural changes at the time of diagnosis. We also found baseline CO 2 and bicarbonate were univariate predictors of mortality, possibly a reflection of relatively late presentation to medical attention. Borel et al. found that HMV patients with obesity and hypercapnia taking a combination of cardiovascular drugs were at increased risk of death. 17 Our findings are consistent with those of Borel, except our univariate association of mortality and a history of cardiovascular disease lost significance in the multivariate model, possibly because of the relatively small OHS sample size. Increased age was associated with lower survival. To our knowledge, this association has not been previously reported. The mean age of our OHS patients was lower than in previous cohorts 17, 31, 32 and this raises the possibility of a survival advantage with diagnosis and initiation of HMV early in the natural history of the disease.
Limitations
Data were incomplete on some patients, likely due to variations in practices between physicians, the important role of clinically based treatment decisions in rapidly progressive (e.g. MND 33 ) or very advanced disease and, in some cases, patient preferences. The study did not consider the effect of nutritional advice or supplementary enteral feeding on survival.
We describe HMV treatment from a single centre; however, the number of HMV patients managed in secondary public centres or privately in WA is relatively small. Based on a statewide database of applications for HMV funding support, we estimate that our centre managed 75-80% of all patients who received HMV in WA during the study period.
Conclusions
The patterns of HMV use and survival for sleep hypoventilation and daytime ventilatory failure in WA are similar to those of cohorts in other developed countries, except for our infrequent use of invasive ventilation. Clinical disease group was an important predictor of survival. We confirm the importance of several previously identified independent predictors of reduced survival including, depending on the disease group, older age, lower FEV 1 and absence of obesity. We report, for the first time, reduced survival in MND with co-existing cardiovascular disease and in older OHS patients. Our findings provide useful data to enhance decision-making by physicians, patients and their carers and for future healthcare planning and resource allocation.
